Bowel cancer screening (BCS) has been successfully rolled out across England, with stringent quality requirements for units undertaking screening and individuals performing colonoscopy within the program. There is a rigorous colonoscopist assessment process, which includes both factual knowledge and practical ability. After commencing screening, performance is measured regularly across a broad range of key performance indicators (KPIs) and individual performance is compared to others within the same region.
Introduction
Bowel cancer screening (BCS) has been successfully rolled out across England, with stringent quality requirements for units undertaking screening and individuals performing colonoscopy within the program. There is a rigorous colonoscopist assessment process, which includes both factual knowledge and practical ability. After commencing screening, performance is measured regularly across a broad range of key performance indicators (KPIs) and individual performance is compared to others within the same region.
There has been long-standing interest in factors affecting performance in colonoscopy [1] . In particular, the correlation of higher adenoma detection rates (ADR) in medium-risk patients with a reduction in risk of interval cancer [2] has prompted special interest in this performance metric. Numerous studies have been performed looking at methods of improving ADR, including increasing colonoscopic withdrawal times [3] , position change during extubation [4] , use of hyoscine [5] , chromendoscopy [6] and other novel endoscopic techniques.
Analysis of data from the Bowel Cancer Screening Programme (BCSP) has found that the vast majority of individuals perform above the prescribed minimum standards [7] . However, as expected in any population, some individuals perform consistently higher than others, even within the already selected group of BCS colonoscopists. The reasons for these differences are unclear but are not accounted for by known factors affecting adenoma detection rate.
thesise skills considered to be relevant to high performance in colonoscopy. The skills were then ranked in order of importance by an independent group of screening colonoscopists for both diagnostic and therapeutic colonoscopy. Twenty screening colonoscopists subsequently participated in individual semi-structured interviews to explore participants' views of expertise and the factors contributing to it. Data extracted from the interview transcripts were used to identify the thematic framework associated with expertise.
Results The 5 initial highest-ranked themes were low complication rates, high adenoma detection rates, interpersonal skills with staff, communication skills, and manner with patients. Interviewees considered technical skills (20/20) , previous experience of colonoscopy (19/20) , judgment/decision-making (18/20) , communication (18/20) , teamwork (15/20) , resources (11/20) and leadership (8/20) to be the most important themes related to expertise.
Conclusions Both technical and non-technical abilities are considered essential components of expertise by experienced colonoscopists. Further research into targeted interventions to improve the rate of acquisition of these skills in training endoscopists may be useful in improving performance.
There is very little literature defining characteristics of expert endoscopists. One small study examined factors contributing to high-quality colonoscopy by using a Delphi survey [8] . The vast majority of published material concerns training in endoscopy [9 -12] , with some limited literature on assessment of technical endoscopic ability using simulators in experts [13] , but often as a comparator to unskilled endoscopists. There are some data on the correlation between technical and non-technical skills in anesthetists, but the relative importance of these attributes in endoscopy is unknown [14] .
It is hypothesised that previously undetermined human factors correlate with KPIs in screening colonoscopists. The aim of this study was to determine factors contributing towards expertise in screening colonoscopy.
Materials and methods
Research into human factors lends itself to qualitative rather than quantitative analysis, as qualitative research can offer a more in-depth understanding of defined topic areas [15, 16] . Qualitative research with thematic analysis is a well-validated method to answer questions such as "What constitutes an expert?" [17] . It is well recognised in research that using a single method of enquiry is likely to result in inadequate data collection, and using multiple methods is much more likely to produce an accurate representation of the important human factors in individual disciplines [18] .
The study was therefore planned in several steps (▶ Fig. 1 ) to ensure that important factors were captured. The study proposal was peer reviewed by the Bowel Cancer Screening Programme Research Committee, who gave formal permission for the study to recruit colonoscopists from the Programme.
Ethical approval
The study was evaluated by the local ethics department and deemed not to need formal ethical approval. The work was carried out in accordance with the Declaration of Helsinki including, but not limited to, there being no potential harm to participants, that the anonymity of participants was guaranteed, and that informed consent of participants was obtained.
Attribute identification focus group
This semi-structured group discussion was designed to determine whether published themes were pertinent to expertise in endoscopy or whether other criteria should be included. This was based on a 'brainstorming' exercise aimed at identifying which skills or behaviors experts in the field consider important for expert endoscopy. Participants were asked to identify skills that they considered to be relevant to high performance in endoscopy.
A group of endoscopists including BCS screeners from several centers and endoscopy staff (nurse endoscopists, support staff) were asked to participate in an initial focus group. For convenience, the focus group comprised staff from a single city hospital, including screening endoscopists, gastroenterologists with a specialist interest in endoscopy, a nurse consultant endoscopist, trainee gastroenterologists, nurse endoscopists, endoscopy nurses, secretarial and administration staff. This sample was chosen as it encompassed a wide group of professionals with an interest in the subject topic.
Key themes from the focus group were informally recorded on a chart, initially for discussion with the group, and then to create a list of factors thought to be important.
Rating task -initial iteration
This task was designed for 3 purposes: to stratify identified factors in terms of importance, to ascertain whether other factors had been omitted, and to ensure that the suggested factors were not biased.
An independent group of 39 BCS endoscopists, none of whom were present during the focus group, were polled at a meeting for an unrelated training session. They were asked to rank themes derived from the initial focus group, as well as to provide suggestions about any omitted themes.
This sample was chosen to try to validate the themes identified initially by overcoming institutional bias by including different BCS endoscopists from across England from a variety of different units.
Semi-structured interviews
All BCS endoscopists currently practicing colonoscopy in England were emailed directly about the proposed research. They were asked to reply if they did not wish to participate in the research. An information sheet about the interview process was provided. It was made clear that there was no compunction to take part and that all information would be anonymized.
After an interval to permit any colonoscopists to withdraw, further email contact was made by inviting screeners to provide their contact details if they wished to contribute. Interviews lasting up to 60 minutes were scheduled with the first 20 respondents. These interviews were recorded with consent.
The interviews comprised several parts. First, a participant was asked to describe a case study based on his or her experience of a time that required the skills of an expert endoscopist.
The interviewee was asked to recount the case in detail, describing his or her thoughts, decisions, actions and communications with colleagues. The case study was chosen because this methodology sometimes allows abstract concepts to be put into a real-life perspective [19] , which facilitates exploration of the issues, and it was envisaged that this would allow deeper understanding of participants' views of expertise [20] .
The second part was the skill identification exercise. Endoscopists were asked directly about the skills they felt were important in defining an expert endoscopist. The discussion was then expanded to ask about how skills are currently developed in training. Given feedback from the earlier stages in the research, questions were asked about the specific differences between the skills needed for diagnostic and therapeutic colonoscopy.
Independent rating task -second iteration
The final part was the attribute identification and rating task, which was performed for a second time using the themes identified from the focus group and independent raters.
To avoid bias, only after the interview was complete was an interviewee asked to perform an online rating task, by assigning an importance to each of the themes previously identified from the previous stages of the research. Each theme was rated from 1 (most important) to 5 (least important).
Data analysis
The semi-structured interviews were recorded and anonymized. The audio file was then edited, enhanced to improve the sound quality, and then professionally transcribed.
The initial interviews were performed in conjunction with a psychologist trained in qualitative research to ensure that they were appropriately conducted. The psychologist gave feedback after each interview to improve the performance of the principal interviewer. Only after the psychologist was comfortable that the interviews were conducted to a high standard were the interviews conducted by a sole interviewer.
All interviews were coded using specialist software by the main investigators (QSR NVivo quantitative analysis software). To avoid investigator bias, the initial 2 transcripts were independently double coded by the independent psychologist and the main investigator. The coding of the 2 researchers was compared and discussed to ensure multiple perspectives in the analysis.
The transcripts were thematically analyzed to develop a thematic framework including key themes. A preliminary taxonomy related to expertise was developed by the lead investigator in collaboration with the psychologist. A sample of the transcribed interviews were re-coded according to the preliminary taxonomy using an iterative approach whereby the thematic framework kept being reviewed as new themes and subthemes emerged. This method of cross-checking data as themes evolve has been successfully used in previous studies [21] .
Results

Attribute identification -focus group
A broad variety of factors were thought to be important by participants.
Technical ability ranked highly in participants' perception of experts. The ability to "do what other endoscopists couldn't" routinely do as well as the ability to "deal with the unexpected" were perceived as important characteristics. A focus on quality was deemed a defining characteristic by some, especially the importance of the adenoma detection rate in screening colonoscopy. Another theme emerging from the group included how experts possessed greater experience than others in terms of numbers of cases completed.
One participant thought peer recognition was important, stating "I'd let them scope me." How this recognition was achieved, whether self-declared or independently recognised by colleagues was discussed, with 1 endoscopist considering that true experts could be defined partly by their academic publication record.
Non-technical qualities of experts were also featured. Selfinsight was also thought to be important with expert endoscopists' knowledge of their own competence and awareness of their limits discussed. The relevance of judgement in difficult situations was another theme, especially in dealing with complications. The importance of good interactions with patients and staff were also considered by some to be essential characteristics of experts. Some group members highlighted how different skills were relevant to diagnostic and therapeutic colonoscopy.
The themes were then summarized to encompass the comments that had been received by all participants (▶ Table 1 ).
Rating task
In total, 36 responses were received from individual anonymous BCS endoscopists, a response rate of 92 %.
Each individual item was ranked 1 to 13 for both diagnostic and therapeutic colonoscopy, with a score of 1 relating to the item the endoscopists felt was most important and 13 the least. No additional themes were suggested not already included in the list derived from the focus group. The consensus views in order of importance are shown in ▶ Table 2 .
Semi-structured interviews
In total, 267 BCS endoscopists were invited to participate. There were 21 responses, a response rate of 7.9 %. Interviews with the first 20 respondents were conducted during the study period. The interviewees comprised 14 gastroenterologists, 4 ▶ surgeons and 2 nurses. The sample size was deemed adequate as after the first 6 interviews no new themes emerged. This methodology is recognized as consistent with previous work in this field [20] .
The principal themes and subthemes relating to expertise are listed in ▶ Table 3 .
Technical skills
Technical skills were mentioned by all 20 interviewees. All interviewees chose to discuss a case of difficult EMR as the scenario they felt required an expert. Whether diagnostic and therapeutic skills were different was contested. Some drew a distinction between diagnostic and therapeutic skills:
I think you can distinguish ... there's the technical ability to get round the colon in an efficient, pain-free manner consistently, that's one set of skills, and then a second set of skills is the therapy, so the judgement of knowledge and then the endoscopic fine motor skills and so on to manipulate this and to remove the polyp safely. I think there's clearly a bit of overlap between them but I think you can be a very competent diagnostic colonoscopist without being an expert therapeutic colonoscopist. So I think there are some attributes that make a therapeutic colonoscopist that aren't necessarily found in every diagnostic colonoscopist. I think attitude is important, attitude towards risk I think is hugely important, and being prepared to perhaps approach things with a more surgical mentality would be a feature of the most advanced expert therapeutic colonoscopists that wouldn't be seen in expert diagnostic colonoscopists.
Participant 11, gastroenterologist
Others however felt therapeutic colonoscopy involved an evolution of the skills required for diagnostic procedures rather than being fundamentally different:
Different is the wrong word. You've got to be able to have all the diagnostic skills to do therapeutic skills because otherwise you can't get there. It's the foundations and the first step. You don't build the second floor without the first floor. You can build buildings without foundations, they'll fall down but you can do it, but you can't build a second floor without a first floor. And to do the therapeutic skills, which are more advanced, you've got to be able to do the therapeutic stuff first. You've got to walk before you can run.
Participant 4, surgeon
Interestingly, 3 participants reported during the interviews that they performed colonoscopy on their colleagues and rated this as a marker of their expertise and their technical proficiency.
Previous experience
The value of experience when attempting a case needing an expert was almost universally mentioned by interviewees (19/ 20) . The number of cases interviewees had tackled during their lifetimes ranged from 2000 to "10 s of thousands."
Experts said that they relied on their previous experience "completely" or "heavily." One endoscopist questioned the conscious value of the experience they had gained as they had been "having been doing this sort of thing for an awfully long period of time one probably takes it for granted" (participant 14, gastroenterologist).
The incremental value of training experience over the years was also felt to contribute positively towards performance and tackling more difficult lesions: The sheer number of polyps and sheer number of patients that one has scoped during the years puts you in a position to be able to take on the more difficult stuff that experts take on."
Participant 16, gastroenterologist
The process of becoming a bowel cancer screening endoscopist itself was also mentioned to impact positively upon individual performance:
So I think when you start as a bowel cancer screening colonoscopist it's quite scary because polyps are much bigger than you're used to…but as you do more and more then your confidence grows and your skills improve. My skills, certainly in polypectomy, improved enormously when I started bowel cancer screening.
Participant 5, nurse endoscopist
Judgement/decision making
The role of good judgement in expert colonoscopy was mentioned as frequently as that of experience.
Expressions such as "do I think I can do this?" were commonly encountered during the interviews. Expert colonoscopists often seemed to question themselves about whether the current treatment was correct, including during procedures. A good example of this was described by a colonoscopist when performing a difficult EMR:
And at each stage I was thinking, is it safe to proceed, is it safe to proceed? Would this man be better and safer if I stopped and put him through another pathway? Because this was a big polyp and frankly at every stage during this I was thinking, can I do this? Can anybody do it? Can somebody do it better than me? And that was my thought process throughout most of the management that I had to do with him.
Participant 8, gastroenterologist
Communication/teamwork
Teamwork and communication were rated highly by most interviewees. Factors such as non-verbal communication and the ability to predict instructions before being asked were considered strong features of a good team by 6 respondents.
One endoscopist said:
You almost catch them out of the corner of your eye going to get something and it's only when you ask and it's there waiting for you"
Participant 16, gastroenterologist.
Another noted:
I did another EMR this morning as well and it was a case of -I'm putting the snare in, I'm saying, "Open" and even before I'm saying it, it's opening. I'm saying, "Close." Even before I'm saying it, they're saying, "It's closing." I'm saying -because I find that everybody says, "Oh, you should always close it by yourself."
Participant 11, surgeon
This aspect of staff working closely together and communicating efficiently yet often silently was a recurrent theme:
▶ Table 3 Overarching themes relating to expertise. And the best you can say about a team is when the team works smoothly and nobody really notices the fact there's a team going on, because if you notice there's a team it's usually because somebody's done something you weren't expecting or hasn't done something you were expecting. If a team works smoothly nobody notices.
Participant 8, gastroenterologist
Clear communication with the nursing staff was highlighted by 8 interviewees. Half of the interviewees also emphasised communication with the patient, in terms of keeping them comfortable ( 
Resources
Interviewees' view of the resources that were important to them fell into two broad categories. The majority (13/20) mentioned staff as a key resource and "that the staff that are supporting you, your endoscopy assistant is someone who you're confident in" (participant 2, gastroenterologist).
The second category of important resources was additional equipment, such as snares, lifting solution and diathermy machines. A broad range of equipment was not deemed to be essential: "it doesn't need to be a very wide variety, it just needs to be the right things" (participant 4, surgeon). Familiarity with the equipment was deemed crucial by 9/20 respondents, with availability of the correct equipment instilling confidence in colonoscopists. One endoscopist commented: "I would never attempt to perform this sort of procedure with the other bit of equipment that I'm less comfortable with" (participant 1, gastroenterologist).
Rating task -second iteration
Nineteen of 20 interviewees completed the online rating task, ranking each previously defined attribute from 1 (most important) to 5 (least important). The median scores given for each attribute for both diagnostic and therapeutic colonoscopy are shown in ▶ Table 4 below, in descending order of importance.
This ranking was largely similar to the order identified in the first iteration with themes such as academic publication record, usage of novel endoscopic techniques, self-declaration of expertise and declaration of expertise by others appearing at the bottom of both lists.
Discussion
It is unsurprising that technical ability rates highly in each of the phases of this work. Colonoscopy is by its very nature a practical skill and without a certain degree of ability, safe, comfortable and effective colonoscopy is not possible.
The differences in the perception of skills needed for diagnostic and therapeutic colonoscopy were interesting. Although some did view the procedures as entirely different, others took a more nuanced view and thought that proficiency in diagnostic procedures was the "foundation" for competent therapeutic colonoscopy. Interestingly however, when asked to rate the themes at the end of the interview, the scores given by colonoscopists in each of these 2 domains were largely similar.
Although technical ability was the most common theme identified, other non-technical skills appeared very frequently. Judgement, communication, teamwork and leadership were all integral parts of experts' views of qualities that they and other expert colonoscopists possessed.
The relevance of non-technical skills was confirmed by ratings given by interviewees in the second iteration of the scoring task. Of the 7 highest-ranked qualities scoring 1 or 2, 4 were related to non-technical skills, including a good patient manner, communication skills, interpersonal skills with staff and staying calm under pressure. Previous research has shown the importance of communication skills in improving patient satisfaction, adherence to treatments and overall outcomes [23, 24] .
These findings have not been shown to date in endoscopy with no published studies correlating endoscopic outcomes with non-technical skills. However, in other areas such as surgery, some studies have shown a correlation between nontechnical performance and technical outcome [25] . When surgical teams were assessed for their non-technical abilities and number of mistakes made during laparoscopic cholecystectomy, it was found that there was a negative correlation between surgeons' situational awareness and their error rates [25] . Other studies have mirrored these findings with poorer non-technical skills associated with higher rates of technical errors in surgeons [26 -28] .
It is in some ways predictable that these findings could be translated through to endoscopy, especially as with more complex procedures performed by experts the endoscopy room in-▶ Table 4 Relative importance of predetermined themes by interviewees.
Diagnostic Therapeutic
Low complication rates 1 1
Adenoma detection rate 1 2
Manner with patients 1 2
Ability to deal with complications 2 1
Communication skills 2 1
Inter-personal skills with staff 2 1
Staying calm under pressure 2 1
Lifetime experience 2 1.5
Ability to tackle cases others won't 2 . 5 2
Declaration of expertise by others 2.5 2
Self-declaration of expertise 3 3
Usage of novel endoscopic techniques 3 3
Academic publication record 4.5 4.5 creasingly takes on certain characteristics of the formal operating suite. If this is the case, the challenge is to develop methods of training that can reliably imbue new endoscopists with these skills in a less haphazard way than the simple experiential learning of the past. All of the respondents in this study had performed thousands of procedures; indeed some stated that they had performed so many over decades that they had stopped counting altogether.
There is some evidence that non-technical skills training can improve surgical outcomes, although the effect size has been small [29] . In the aviation industry, crew resource management training has been embraced for several decades to improve the way in which rapidly changing teams work together. Even in this field, partly as a consequence of the low numbers of adverse events, the overall effect in improving safety is still controversial [30] .
Team work was recognized as an important theme contributing towards expertise by most (15/20) respondents. It has been shown that effective teams have common characteristics including shared goals, behavioural norms, defined roles, flexible leadership, good communication, and common shared resources [31] . Although interviewees were heavily reliant on their individual teams for their own performance, no endoscopist mentioned how team performance could be improved as a whole. It has been shown that formal team training can be more effective than the team-building that naturally occurs from individuals working collaboratively together [32, 33] .
The logical next step is to formulate interventions that could improve technical and non-technical skills and then assess whether the desired effects are seen in clinical practice. This is likely to be difficult however as, as in other arenas both in and out of medicine, the influence of any intervention is likely to be small and the difference therefore difficult to measure and conclusively prove. One study has shown that a 1-day course training multidisciplinary endoscopy teams improved awareness of patient safety knowledge and attitudes [34] , but whether this has an effect on real patient care remains to be seen.
Although this research was confined to the Bowel Cancer Screening Programme, it is likely that the findings can be translated into general clinical endoscopic practice. Studies have shown that regular feedback, particularly in regard to the adenoma detection rate, can in itself improve performance [35, 36] . The importance of non-technical skills alongside those targeting technical performance metrics is being increasingly acknowledged [37] . Whereas all endoscopists would acknowledge the importance of technical proficiency, the relevance of non-technical skills such as communication in a highly skilled examination is likely to be less well recognized. It may be that a combination of training in technical and non-technical skills is the most effective way of improving expertise generally in all endoscopists, although how this can be most efficiently achieved remains unclear, with several models hypothesized [37] . The imminent introduction of a national endoscopic database in the United Kingdom is likely to highlight local differences in performance with greater ease than in the past and may itself drive standards towards those achieved in the best-performing centres.
Strengths and limitations
This is a large study with several different methodologies used to ascertain features of expert endoscopy. Data was collected from several different sources independently. As the participants were all volunteers and the response rate to the email invitation low, there is a chance that the results are affected by selection bias. Of course, it would not have been practical to interview unwilling participants; however, use of a nationally recruited group of endoscopists is likely to have counteracted this hypothetical issue.
Additional factors that strengthen the interview cohort include their diversity, comprising endoscopists with backgrounds in medicine, surgery and nursing, as well as the early saturation of themes. This suggests the results are likely to have been similar had there been a higher initial response rate to the email.
Conclusion
Both technical and non-technical abilities are considered essential components of expertise by experienced colonoscopists. Further research into targeted interventions to improve the rate of acquisition of these skills when training endoscopists may be useful for improving performance.
